Glycopeptides from the microplasmodia of Physarum polycephalum grown in the presence of [3H]mannose or [3H]glucosamine were characterized by gel-filtration, anion-exchange and lectin-affinity chromatography before and after enzymatic or chemical treatment. Various types of glycopeptide were found in the growing plasmodia as shown by Con A affinity column chromatography, while pulse-labeled precursors were composed mainly of mannose-rich glycopeptides which were sensitive to endo H and a-mannosidase. During the processing of the glycoprotein, the mannose-rich glycopeptides changed to larger glycopeptides which were resistant to endo H and a-mannosidase. These processing reactions of the glycoprotein appeared to be blocked when the plasmodia underwent differentiation to macrocysts.
VOL. 35 we showed that the acellular slime mold Physarum polycephalum contains a lipid-oligosaccharide conjugate which is very similar to those reported for the common precursor of N-linked glycoproteins in animal and plant cells (13) . This suggests that asparagine-linked glycoproteins in the slime mold are synthesized as in mammalian cells (24) via the lipid-linked oligosaccharides and are completed after a complex series of processing reactions. In the present study, we have analyzed the labeled glycopeptides obtained by Pronase digestion of the plasmodia after incubation with [3H]mannose or [3H]glucosamine. We now report on some properties of the carbohydrate units of the glycoproteins in the slime mold. The processing of precursor glycans during the maturation of the glycoproteins was greatly depressed in encysting plasmodia.
MATERIALS AND METHODS
Organism and cultivation. The microplasmodia of P. polycephalum were grown under aseptic conditions in a liquid medium containing glucose, yeast extract and tryptone at 26°C with shaking (6) . Macrocyst (spherule) formation was induced by transferring the microplasmodia to a medium containing 0.5 M mannitol (differentiation medium) in a dark room (4) . Spherulation began without much lag time and was generally completed after 30-40 h (21, 23) .
Preparation of radio-labeled glycopeptides. To improve the uptake of radioactive sugar, the microplasmodia in the vegetative growth phase were pre-incubated in a fresh medium lacking glucose. After 5 h, 370 kBq/ml (l0 , tCi/ml) of D-[3,4-3H]mannose (1.50 TBq/mmol; 40.6,uCi/mmol), 370 kBq/ml (10,uCi/ml) of D-[l,6-3H]glucosamine (1.57 TBq/mmol; 42.5,uCi/mmol) or 740 kBq/ml (20 RCi/ml) of L-[5,6-3H]fucose (2.22 TBq/mmol; 60 iiCi/mmol), all from New England Nuclear, was added to a portion of the culture (0.8 ml packed cell volume/5 ml) and the flasks were incubated for one more hour.
In some experiments, the oligosaccharide moieties of the glycoprotein were labeled with [35S]sulfate. In that case, the plasmodia were incubated with 1.85 MBq/ml (50uCi/ml) of [35S]H2SO4 [carrier free, 44.4-51.8 TBq/mmol (1,200-1,400 Ci/mmol) New England Nuclear] for 5 h in a modified medium in which MgSO4 was replaced with MgCl2 and other sulfate salts were removed.
In pulse-chase experiments, the plasmodia were incubated for 15 min with [3H]mannose and the label was chased by transferring the plasmodia to non-radioactive growth medium or 0.5 M mannitol medium.
The plasmodia labeled with radioactive sugar were washed quickly with chilled water and resuspended in water, the final volume being adjusted to 3 ml. The microplasmodia were then disrupted by sonication for 5 min. To remove lipid-conjugates, the labeled materials were extracted with organic solvents by the method of Svennerholm and Fredman (27) . The cell homogenate was mixed with 8 ml of methanol and then with 4 ml of chloroform. The samples were kept at room temperature for 30 min with occasional shaking and centrifuged at 15,000 x g for 15 min. The pellet obtained by centrifugation was extracted twice with a mixture of H20-methanol-chloroform, 3 : 8 : 4 (v/v). The lipid-free cell residues were washed with absolute ethanol to remove the organic solvents and digested with Pronase E. After removal of ethanol under reduced pressure, the cell residues were resuspended with 8 ml of 0.1 M NH4CO3 and incubated with 8 mg of Pronase E (Kaken Chemical) at 37°C for 24 h under a toluene atmosphere. Another 8 mg of Pronase E was added to the suspension after 24 h, and another at 48 h. After 72 h of incubation, the reaction was terminated by heating the mixture in water bath at 100°C for 5 min.
Fractionation of labeled glycopeptides by chromatography. 1) Gel-filtration: After the Pronase digestion, the sample was lyophilized to reduce the volume and insoluble matters were removed by centrifugation. The supernatant was applied to a column of Bio-Gel P30 (1.5 x 45 cm, 50-200 mesh, Bio-Rad) equilibrated with the same buffer, and 1.2 ml fractions were collected. The radioactive peak fractions eluted from the column were then applied to a column of Bio-Gel P4 (1.0 x 120 cm, 200-400 mesh, Bio-Rad). The column was eluted with 0.1 M acetic acid and fractions of 0.8 ml were collected. A portion of each fraction was assayed for the radioactivity with a scintillation counter. 2) Concanavalin A-Sepharose chromatography: Radioactive fractions eluted from Bio-Gel P4 were lyophilized and dissolved in 10 mM Tris-HC1 (pH 8.0) containing 0.15 M NaCI, and applied to a Con A-Sepharose column (bed volume 0.75 ml, Pharmacia) which was previously equilibrated with the same buffer (7). The column was first eluted with 2.5 ml of Tris-buffered saline, then with 2.5 ml of the same buffer containing 20 mM methyl-a-glucoside and finally with 2.5 ml of the buffer containing 200 mM methyl-a-mannoside (Fluka). In some experiments, the column was eluted with a linear gradient of a-MM from 0 to 75 mM in the same buffer. 3) QAE-Sephadex chromatography: Ion-exchange chromatography of glycopeptides was performed as described by Varki and Kornfeld (29) . The desalted samples were dissolved in 500 jd of 2 mM Tris-base and applied to a column (0.5 x 4 cm) of QAE-Sephadex A-25 (Pharmacia) equilibrated in 2 mM Tris-base. The column was first washed with 2 mM Tris-base and then eluted stepwise with increasing concentrations of NaCI in the 2 mM Tris-base. Fractions of 0.95 ml were collected and the radioactivity was counted as above.
Chemical treatment prior to chromatographic analysis. 1) Alkaline treatment: The cell residues after lipid-extraction were washed with water then incubated in 0.1 M NaOH at 37°C (11) . After 48 h, the incubation mixture was treated with 10 volume of 10% trichloroacetic acid (TCA). The TCA-insoluble matter was collected by centrifugation and washed twice with ethyl ether. The resulting residue was dried, resuspended in 0.2 M Tris-HC1 (pH 8.0), and digested with Pronase. The digests were analyzed by gel filtration with Bio-Gel P30 as above. 2) Methanolysis: The acidic glycopeptides were desulfated by methanolysis as described by Yamashita et al. (30) . The lyophilized samples were dissolved on dry methanol containing 0.05 M HCl and kept at 37°C. After 4 h, the mixture was evaporated to dryness and the HCl was removed by repeated evaporation with methanol. More than 90% of the sulfate was released by methanolysis when glucose-6-sulfate was used as a standard.
Enzyme digestion. Glycopeptidase F (EC 3.2.2.18, Boehringer Mannheim) digestion was performed as described by Roux et al. (25) . Plasmodia labeled with [3H] mannose were dissolved in a small amount of lysis buffer (50 mM Tris-HCI, pH 7.5, containing 0.1 M 2-mercaptoethanol (2-ME) and 1 % sodium dodecyl sulfate (SDS)) by heating at 100°C for 5 min. The lysate was centrifuged (10,000 x g for 5 min) and the supernatant was applied to a Sephadex G-50 (1 x 60 cm) column equilibrated with 10 mM Tris-HCl (pH 6.5) containing 0.2% SDS. The excluded fractions were collected and acetone was added to the solution to give final concentration of 90%. After standing for several hours at -20°C, the precipitate was collected by centrifugation and dissolved in a small volume of the lysis buffer by boiling for 5 min, then centrifuged at 10,000 x g for 5 min. The supernatant was mixed with a reaction buffer so that the mixture contained 0.2% SDS, 0.02 M 2-ME, 2% Nonidet P-40 (NP-40), 10 mM EDTA and 0.1 M sodium phosphate buffer, pH 7.5. The reaction mixture was incubated with 4 units of glycopeptidase F at 37°C. After 24 h, 2 additional units of glycopeptidase F was added to the mixture and incubated for a further 12 h. The reaction was terminated by heating at 100°C for 5 min and the mixture was centrifuged at 10,000 x g for 5 min before the supernatant was applied to a Sephadex G-50 column. The samples were treated with Jack bean a-mannosidase (EC 3.2. 1.24, Sigma) and endo-fl-N-acetylglucosaminidase H (endo H, EC 3.2.1.96, Miles Laboratory) according to Honi et al. (12) . Neuraminidase (EC 3.2.1.18, Sigma, Type IV) digestion was performed with 0.4 units of enzyme in 300,u1 of 50 mM sodium acetate buffer (pH 5.0) at 37°C for 24 h (8). Alkaline phosphatase (EC 3.1.3.1, Sigma) digestion was performed with 3 units of enzyme in 500 µl of 50 mM Tris-HC1 (pH 8.0) and incubated at 37°C for 12 h (16).
Acid hydrolysis and paper chromatography. The glycopeptides were hydrolyzed with 4 M HC1 for 2 h at 100°C under an N2 atmosphere, and the hydrolysate was descending-paper chromatographed for 48 h on Whatman 1 MM paper in a solvent system of ethyl acetate-acetic acid-formic acid-water (18 : 3: 1: 4, v/v) (2). After development, the filter papers were cut into 1 cm x 3 cm sections and each of them was extracted with 1 ml of H2O in a vial. The radioactivity was determined after the addition of 10 ml ACS II (Amersham) to each vial. The positions to which standard D-mannose, D-galactose and D-glucose migrated on guide strips were revealed by the alkaline silver nitrate method (28) . The glucosamine and galactosamine were detected by spraying the chromatograms with a solution of 0.2% (w/v) ninhydrin in acetone then heated at 100°C for 5 min (1) .
N-Acetylglucosamine and N-acetylgalactosamine were detected by reacetylation of hexosamines in the acid hydrolysate. The hydrolysate was passed through a column of AG 50W-X8 (Bio-Rad, H+ from) and the hexosamines trapped in the resin were eluted with 2 N HCI. The eluted sample was evaporated to remove the HCl and suspended in 600 µl of saturated NaHC03 followed by the addition of 20 ,u1 of acetic anhydride. Another 20 ul of acetic anhydride was added to the mixture Glycopeptides from Physarum polycephalum 417 after 20 min, and another at 40 min. After 1 h, the reaction mixture was desalted by passage over a column of AG SOW-X8 (H+ form) and eluted with H20. The eluates and washings were combined and evaporated with a few drops of octanol. Descending paper chromatography was performed on borate-immersed paper in a solvent system of n-butanol-pyridine-H20 (6:4: 3, v/v) for 35 h (3). The standard N-acetylglucosamine and N-acetylgalactosamine were revealed by Elson-Morgan reagents.
RESULTS

Incorporation of radioactive sugar into plasmodial glycopeptide fractions
The radioactive sugar moieties in the glycopeptide fractions were acid hydrolyzed (4 M HCI, 100°C, 2 h) and analyzed by descending paper chromatography. The results showed that the radioactivities in [3H]mannose-labeled sample were distributed in galactose (56%), glucose (23%), mannose (10%), hexosamine (6%) and unknown compounds of slow mobility (6%). On the other hand, the radioactivity derived from [3H] glucosamine was separated in two major compounds, hexosamine (50%), galactose (35%) and a small amount of glucose, but there was no significant radioactivity at the mannose position. These results indicated that most of the radioactive mannose incorporated into the plasmodia were converted to galactose and glucose, and only a small portion remained unchanged. In contrast to mannose, glucosamine was converted only to galactose and hexosamine; the latter may be derived from N-acetylglucosamine or N-acetylgalactosamine by acid hydrolysis.
Gel filtration chromatography of radio-labeled glycopeptides After Pronase digestion, the glycopeptide fraction was first chromatographed with a Bio-Gel P30 column. The elution profile of the radioactive materials derived from [3H]mannose is shown in Fig. 1 . Under these condition, the radioactivity was resolved into 3 fractions (P-30-I, P-30-II, P-30-III). The figure also shows the effect of tunicamycin on their biosythesis. In the presence of tunicamycin, incorporation of the radioactivity into the P-30-I and P-30-II fractions was severely depressed. The results suggest that these fractions should contain N-linked glycopeptides. To examine this view, the sensitivity of these fractions to alkali treatment and glycopeptidase F digestion was investigated (Table 1) . When [3H] mannose-labeled glycopeptides released by Pronase digestion were chromatographed after alkali treatment with 0.1 M NaOH at 37°C for 48 h, the radioactivities P-30-I and P-30-III were completely eliminated. But the radioactivity in P-30-II was relatively resistant to the alkali treatment. The [3H]mannose-labeled samples were also incubated with glycopeptidase F, which cleaves the glycosidic linkage between asparagine and N-acetylglucosamine and releases N-linked oligosaccharide. The reaction products were applied to a Sephadex G-50 column. The Vo region, which may contain glycopeptidase F-resistant substances, was collected and applied to a Bio-Gel P30 column after Pronase digestion. The results are also summarized in Table 1 . About 40% of the radioactivity in P-30-II were released by glycopeptidase F digestion but the substances in P-30-I and P-30-III were resistant to this enzyme. These results suggest that the P-30-II fraction contains N-linked glycopeptides but about 60% of the radioactivity was not digested. One possible explanation is that this fraction may contain some N-linked glycopeptides of unknown structure which are resistant to glycopeptidase F digestion (10) . But it is more likely that the P-30-II fraction also contained 0-linked glycopeptides, as judged from the results of alkali treatment. The P-30-II fractions which contain N-linked glycopeptide were pooled and subjected to further analysis.
The high-molecular-weight substances eluted in P-30-I appeared to be derived from slime. The fraction contained only galactose as the sugar constituent and the other properties were similar to those reported for the slime polysaccharide by McCormick et al. (19) . These radioactive peak fractions were resistant to glycopeptidase F digestion and sensitive to alkali treatment. This suggests that the slime polysaccharides were attached to protein via serine or threonine. But the incorporation of radioactivity into these fractions was inhibited by the addition of tunicamycin. This suggests a possible participation of some N-linked glycoproteins in the slime biosynthesis.
The radioactive included fraction (P-30-III) yielded hexosamine, galactose and glucose upon acid hydrolysis, but no mannose. These substances were sensitive to alkali treatment but resistant to glycopeptidase F digestion, which indicates that they are not derived from N-linked glycopeptides. Fractions P-30-I and P-30-III were not considered further in the present study.
Characterization of glycopeptides in P-30-II The P-30-II fraction labeled by [3H]glucosamine or [3H]mannose were further analyzed in more detail by gel filtration and affinity chromatography with Con A-Sepharose. The P-30-II fraction shown in Fig. 1 was rechromatographed on a Bio-Gel P4 column ( Fig. 2A) . Each fraction so eluted was further analyzed with a Con A-Sepharose column (Fig. 2B) . Most of the radioactive components derived from [3H]glucosamine in the fractions from No. 50 to 62 in Fig. 2A (peak I) did not bind to the Con A-Sepharose column (Fig. 2B, top) . But the major components from 63 to 80 (peak II) had a high affinity for Con A-Sepharose (Fig. 2B, bottom) , as they were eluted by 200 mM a-MM. According to the known interaction between the lectin and N-linked oligosaccharides (20) , peak I in Fig. 2A is largely composed of complex-type glycopeptides, and peak II contains high-mannose-type and hybrid-type glycopeptides. The radioactive compounds eluted from the column by 20 mM a-MG (Fig. 2B, middle) are considered to be some hybrid and biantennary complex-type glycopeptides which were distributed in all fractions. The radioactive fractions not bound by Con A-Sepharose may also contain certain 0-linked glycopeptides other than complex-type N-linked glycopeptides. To examine these possibilities, the radioactive peak fractions not bound by Con A-Sepharose were collected and subjected to gel filtration before and after alkali treatment. The alkali treatment caused a little shift of the radioactive peak in the elution profile from Bio-Gel P10 (data not shown), but the short chain oligosaccharides generally released from 0-linked oligosaccharides were not detected. For these reasons, together with the fact that these oligosaccharide units contain mannose residues, a large part of the radioactivity in Con A-non-bound materials is thought to be derived from complex-type N-linked glycopeptides, but the existence of long chain 0-linked oligosaccharide can not be ruled out. On acid hydrolysis followed by paper chromatography, these fractions were found to contain N-acetylgalactosamine and galactose in addition to mannose and N-acetylglucosamine. The presence of fucose in the region of P-30-II was also examined. When [3H] fucose was used as precursor, no radioactivity appeared in this region.
Further characterization of glycopeptides by anion-exchange chromatography
To determine the negative charge on the glycopeptides of P. polycephalum, the samples in P-30-II were applied on a QAE-Sephadex column. The results shown in Fig. 3A indicate that these glycopeptides are very anionic. When the samples were chromatographed after methanolysis (Fig. 3B) , some of the radioactivity appeared in the neutral region indicating that the treatment removed certain acidic groups from the glycopeptides.
To identify the acidic groups which account for the negative charge of the glycopeptides, the oligosaccharides were treated with alkaline phosphatase and neuraminidase. But this did not significantly alter the elution profile (data not shown). Mild acid hydrolysis also failed to show the presence of neuraminic acid residues. In the experiment shown in Fig. 3C , the plasmodia were fed with [35S]sulfate. The elution profile of the labeled materials from the QAE-Sephadex column showed that an appreciable amount of the radioactive sulfate was incorporated into the glycopeptides. When the [35S]-labeled samples were hydrolyzed by b M HCl (100°C, 24 h), most of the radioactivity (about 70%) was found in the Ba-precipitable fraction of the hydrolysate, indicating that [35S]sulfate incorporated into the glycopeptides is mostly present in the form of sulfate ester.
Distribution of sulfated N-linked oligosaccharides
The P-30-II fraction was digested with endo-f3-N-acetylglucosaminidase H (endo H) and fractionated by a Bio-Gel P4 column. The enzyme cleaves the sensitive from Physarum polycephalum 421 mannose-rich glycans between the two N-acetylglucosamine residues of their core region. The chromatographic elution profile of the untreated [3H]mannose-labeled sample showed two peaks of the radioactivity ( Fig. 4A ; see also Fig. 2A ). After the digestion, the second peak of the radioactive oligosaccharides shifted to a slightly lower molecular weight region (Fig. 4B) . When the glycopeptides were treated with a-mannosidase, the second peak was greatly decreased and a new peak appeared at a region corresponding to a hexose monomer (Fig. 4C) . These experiments provided further evidence that the peak II fraction from the Bio-Gel P4 column (Fig. 2) consisted largely of mannose-rich glycopeptides. Figure 4D shows the elution profile of [35S] sulfate-labeled glycopeptides. Though the radioactivity was distributed mainly in the a-mannosidase-and endo H-resistant regions, the sulfate group was also found in fractions which contain the high-mannose, hybrid and biantennary complex-type oligosaccharides. When the same sample was chromatographed on a Con A-Sepharose column, more than 50% of the radioactivity was bound to the lectin.
Pulse-chase experiment This was done with [3 analyzed by a Bio-Gel H]mannose-labeled plasmodia and the glycopeptides were P4 column. Figure 5A shows the elution profile of glycopeptides obtained from the pulse-labeled (15 min) plasmodia. Most of the radioactivity was found in a region corresponding to the high-mannose-type glycopeptides. The elution profile of the glycopeptides gradually changed when the label was chased in non-radioactive growth medium, and after about 1 h (Fig. SD) , another distinct peak appeared in a high molecular weight region which corresponded to the complex-type glycopeptides. These results indicate that, as reported in mammalian cells, the high-mannose-type oligosaccharides are the precursors of the complex-type oligosaccharides in the slime mold. The pulse-chase experiment was also carried out with encysting plasmodia. Under unfavorable growth conditions, the microplasmodia of P. polycephalum differentiate into a dormant form termed macrocyst or spherule (26) . When the microplasmodia are transferred to a medium containing 0.5 M mannitol, they cleave into numerous protoplasts and produce a hard wall on their surface (23) . In the experiment shown in Fig. 6 , the plasmodia were pulse-labeled with [3H] mannose from 15 min and transferred to either growth medium or differentiation medium containing 0.5 M mannitol. In the encysting plasmodia, the radioactivity was equally distributed in all fractions indicating that the shift of the radioactivity from the region of the high-mannose-type glycopeptides to that of complex-type was incomplete. This indicates that the processing reactions are greatly depressed in these plasmodia. This depression was not caused by the inhibition of protein synthesis in encysting plasmodia, since adding cycloheximide (30 µl/ml) to the growing plasmodia did not affect the normal processing. Fig. 5 were chromatographed on a Bio-Gel P4 column. VOL. 35 Radioactive glycopeptides obtained by the pulse-chase experiment were also analyzed by Con A-Sepharose affinity chromatography (Fig. 7) . About 70% of the radioactivity was in the glycopeptides which have a high affinity for the lectin (mannose-rich glycopeptides, Fig. 7A ). After 2 h of the chase period, most of the radioactivity (ca. 70%) shifted to the fraction which did not bind to the Con A-Sepharose column (Fig. 7B, fractions from No. 0 to l0). This indicates that the precursor glycopeptides were processed to the complex-type. But in the encysting plasmodia (Fig. 7C) , more than 50% of the label was still bound to the lectin after the chase period. Moreover, the radioactive glycopeptides retained in the Con A-Sepharose column were eluted with the buffer containing a higher concentration of a-MM than in the growing plasmodia. Figure 7D shows a pulse-chase experiment in the presence of monensin (l0,ig/ml), which has been shown to interfere with glycoprotein processing in the Golgi apparatus in animal cells (18) . The elution profile of the glycopeptides after the chase period resembled that obtained from encysting plasmodia, but the addition of the monensin did not induce cyst formation in the slime mold. glycoproteins remains to be elucidated, the present study has shown that P. polycephalum contains a variety of different kinds of oligosaccharide chains ranging from high-mannose-type to modified complex-type. This is in contrast with the glycoproteins of the cellular slime mold Dictyostelium discoideum, Ivatt et al. (14) reported that the oligosaccharide units of mature glycoproteins in D. discoideum still retain a high-mannose-type structure which contain fucose or sulfate residue. It is of interest that the oligosaccharide moieties of glycoproteins in these taxonomically related organisms are quite different. In Physarum polycephalum, the high-mannose-type oligosaccharide may be processed to complex-type oligosaccharide by adding galactose and N-acetylhexosamine, but fucose was not detected in the oligosaccharide units. The anion-exchange chromatography showed that the glycopeptides of P.
polycephalum are negatively charged. Sialic acid is widely distributed in animal glycopeptides, but in P. polycephalum, it is unlikely that sialic acid contributes to the total negative charge of these oligosaccharides. Sialic acid was not detected in a mild acid hydrolysate of the glycopeptide fraction (P-30-II), and the elution profile of the glycopeptides in QAE-Sephadex chromatography was little affected by neuraminidase treatment. Treatment with alkaline phosphatase also had little effect on the chromatographic pattern of the glycopeptides, indicating the absence of phosphomonoester in these molecules. However, phosphate may also occur in the form of a diester and in D. discoideum, the presence of an unusual acid-stable phosphodiester has been reported (9) . These possibilities will be examined further. The presence of sulfate in N-linked oligosaccharides has been reported in various glycoproteins from different sources. Ivatt et al. (14) showed that most of the high-mannose-type oligosacharides in D. discoideum in the vegetative state are sulfated at peripheral mannose residues. In P. polycephalum, the sulfate group seems to be distributed in various types of oligosaccharide. Though the mannose-rich oligosaccharide chains in P, polycephalum also contained some sulfate groups, as in D. discoideum, the distribution of sulfate groups in the sugar residues may be different, judging from the sensitivity to a-mannosidase. High-mannose-type oligosaccharide chains in P. polycephalum were sensitive to a-mannosidase suggesting that their terminal mannose residues are uncovered.
The results of reacetylation of hexosamines after acid hydrolysis of oligosaccharides indicate the existence of N-acetylgalactosamine. The presence of NV acetylgalactosamine residues in N-linked glycoproteins has been reported in some mammalian glycoproteins such as the epidermal growth factor receptor in a human cell line (5). In this experiment, however, we did not determine whether the N-acetylgalactosamine residues were attached to N-linked oligosaccharides or 0-linked chains. In a previous paper, we reported the results of the analysis of plasmodial membrane proteins (17) . The lectin-peroxidase staining of poly-acrylamide gel electrophoretogram followed by Western blotting revealed that those proteins were generally glycosylated and a variety of oligosaccharides were attached to the protein moiety.
In our previous study, adding tunicamycin led the microplasmodia to stop their growth, but the drug accelerated spherule formation (21) . This suggests that the biosynthesis of N-linked oligosaccharide is required for the active growth of plasmodia and probably plays important roles in maintaining the vegetative state. But after the encystment is induced, the plasmodial surface glycoproteins showed a rapid turnover, as analyzed by polyacrylamide gel electrophoresis, and some of them disappeared (17) . It is possible that many of the glycoproteins functioning in growing plasmodia are no longer required in the dormant state. We also showed that lipid-linked oligosaccharides in the slime mold participate in the synthesis of asparagine-linked glycoproteins as it dose in animal and plant cells (22) . In animal cells, the oligosaccharide portion of the glycoprotein derived from the lipid-linked oligosaccharide undergoes a series of modifications to give rise to mature glycoprotein (24) . It is generally believed that high-mannose-type oligosaccharides are the precursors of the complex oligosaccharide units of glycoproteins. The present results show that this is also true of the slime mold. In the presence of monensin, the processing of the glycoprotein in P. polycephalum was strongly inhibited. It has been shown that adding monensin to mammalian cells causes perturbation of the processing of precursor glycan at the step of modification in the Golgi complex (18) . Similar inhibition of the formation of mature glycoprotein occurred when the slime mold was transferred to the differentiation medium. It is possible that the processing of glycoprotein in the encysting plasmodia was inhibited at a similar step in the modification to the monensin-treated plasmodia. And inhibiting the processing may regulate the overall rate of glycoprotein synthesis. The alteration of the processing reactions of plasmodial glycoproteins during the encystment is under investigation.
